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[57] ABSTRACT 

A color separator (12) for a digital television receiver 
(10). The incoming television signal is directed to two 
different paths in the color separator (12). Along a first 
path, the luminance component is separated by an ana- 
log Y separator (12a) and then sampled by an A/D 
converter (Ub) at a rate that will provide a desired 
number of samples per display line. Along a second 
path, the composite signal is sampled by an A/D con- 
verter (12c) at a rate appropriate for digital color sepa- 
ration, and then the chrominance samples are separated 
using a digital C separator (12d). A scaling unit (12e) 
then scales the chrominance samples to provide a de- 
sired number of samples per line. 

15 Claims, 1 Drawing Sheet 
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scales the chrominance samples so that the number of 
COLOR SEPARATOR FOR DIGITAL TELEVISION chrominance samples per line is the same as the desired 

number of pixels per line to be displayed. At this point, 
TECHNICAL FIELD OF THE INVENTION both the luminance and the chrominance samples corre- 

This invention relates to television receivers, and 5 spond to the desired horizontal resolution, 
more particularly to sampling an input video signal to A. technical advantage of the invention is that it pro- 
obtain pixel data for varying display formats. vides color separated data from NTSC signals, and also 

BACKGROUND OF THE INVENTION J^St^^R^^- 

In many television broadcast signals, notably those 10 scale the luminance component, it minimizes undesir- 
adhering to the NTSC and PAL standards, there is a able artifacts. Although the chrominance component is 
defined relationship between the horizontal line fre- scaled, its lower bandwidth results in a decreased likeli- 
quency (Fh) and the color subcarrier frequency (Fsc). hood of artifacts. 
For example, in NTSC sipnals. luminance-and chrQ mi* 

nance are transmitted in a single channel by using a 15 BRIEF DESCRIPTION OF THE DRAWINGS 
c^ ominance subcarrier at 3 58 MHz, which is equal - to F IG. 1 is a block diagram of video-related campo-' 

foff^' 15,734.26 Hz, times 455/2. This nents of a digital telcvision rcccivcr 
relationship makes it possible to separate luminance ; and FIGi 2 mu$trat es a programmable version of the 
chrominance components in the television receiver, receiver of FIG 1 
thus avoiding interference between them prior to the 20 

recovery of the primary color signals for display. DETAILED DESCRIPTION OF THE 

In digital television systems that follow NTSC stan- INVENTION 
dards, typical digital color separation algorithms call V t<- * -« * * * . , 

for a sampling rate that is some multinle of th^ M J 1 *'* illustrates components of a digital receiver. It 

\rUr m wrw f~ r ~,; y a mf f n ^L r 25 s ^ ou1 ^ understood that only components used for 

rate is approximately 14.3 lS'MHz, referred to as the "4 ow*mng output pixel data are shown; components used 
fsc" rate. It results in approximately 763 samples of for such 88 synchronization and audio signal pro- 
active video data per line. cessing are not shown. 

A problem with the 4 fsc sampling rate is that it is not Although the following description is in terms of a 
always consistent with the sampling rate required for a 30 receiver for a broadcast television signal, it should be 
desired number of pixels per line (horizontal resolution). understood that receiver could be any type of equip- 
For example, today's enhanced definition television ment for receiving an analog composite video signal 
systems, such as "wide NTSC", call for an image that is ^ displaying or storing images represented by the 
wider than previous images, with an aspect ratio of 1 6:9. signal. 

The desired aspect ratio and the available number of 35 For purposes of this description, a receiver having a 
lines per frame determine the horizontal resolution. vertical resolution of 480 lines is assumed. Receiver has 

The simplest sampling methods provide one sample a spatial light modulator (SLM) display, characterized 
per pixel. But, in general, the sampling rates for NTSC by individually addressable pixel elements, which are 
color separation and for a desired aspect ratio are not capable of being turned on or off simultaneously. Im- 
the same. For example, for a 480 line display with a 4:3 40 ages are formed by addressing those pixels that are to be 
aspect ratio 640 pixels per line are required However, turned on during an image frame, and by controlling the 
as stated above, the 4 fsc sampling rate for NTSC color length of time per frame that each pixel element is on. 
separation results m 763 samples per line. This requires An example of an SLM is a digital mirror device 
some sort of means for providing samples for the de- (d MD) manufactured by Texas Instruments Incorpo- 
sired horizontal resolution. 45 rated . ^ elements of the DM D are square, 

Some existing systems provide the required number such ^ for a ^ vertical resolution (vr) and a 
of pixels per line by first sampling the mcoining data at desired ^ ect ratio (AR) ^ horizontal re s olution 
4 fsc or some other color burst-related sampling rate, (HR) is determined by: 
performing color separation, and then scaling the sam- 
ples to the desired horizontal resolution. However, a 50 AR=HRJVR 
problem with scaling is that visual artifacts are likely to 

occur. Also, the increased complexity of such systems Thus, for example, for a desired aspect ratio of 4:3, the 
makes them more costly. number of pixels per line is: 

SUMMARY OF THE INVENTION 5J m=HR/ ^ 

One aspect of the invention is a digital color separator 

for a television receiver. An analog luminance separa- HR—64Q 
tion unit receives a tuned input signal and separates the 

luminance component from the chrominance compo- A more complete description of a DMD-based digital 
nents of the input signal. A first analog-to-digital con- 60 television system is set out in U.S. Pat No. 5,079,544, 

verter samples the luminance component at a rate deter- entitled, "Standard Independent Digitized Video Sys- 

mined by the number of pixels per line to be displayed. tern", and in U.S. patent Ser. No. 08/147,249, entitled 

A second analog-to-digital converter receiving the "DMD Display System", both assigned to Texas Instru- 

tuned input signal and samples it at a rate appropriate ments Incorporated, and both incorporated herein by 
for digital color separation. A digital chrominance sepa- 65 reference. 

ration unit receives data samples from the second ana- The video input may be any analog signal having 

log-to-digital converter and separates the luminance chrominance and luminance components. The lumi- 

samples from the chrominance samples. A scaling unit nance component is referred to herein as the "Y" com- 
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ponent, and the chrominance component as the "C" 
component. 

For purposes of this description, it is assumed that the 
input signal is such that the sampling frequency for 
digital color separation is not the same as the sampling 5 
frequency that will provide the desired number of out- 
put pixels per line. For example, if the input signal is an 
NTSC signal, it has a 3.58 MHz color burst which 
s erves as a synchronizing signal to establish a frequenc y 
anap hase r eference foT chrnmiTianp^ Wnu/ww, if th* 10 
inpuTsignal is sampled at the rate appropriate for digital 
color separation, the result is a different number of 
samples per line than the desired horizontal resolution. 

A signal interface 11 provides conventional signal 
interface functions, such as tuning and filtering. Ttpay 15 
also perf orm tasks such as synchronization si g^a] re- 
mo val, no t related to the subject of the invention. For 
purposes of the invention, the main function of interface 
1 1 is to provide a composite Y/C signal.tQ_tw_o_different 
p aths of a color sep aration unit 12. 20 

On a first path of color separation unit 12, an analog 
Y separator 12a receives the composite input video 
signal. Separator 12a may be any analog means for 
separating the luminance from the chrominance compo- 
nents of the input signal, to produce a luminance signal. 25 
Conventional analog color separation methods, such as 
notch or comb filtering may be used. 

A first analog-to-digital (A/D) converter 12b re- 
ceives the Y signal and samples it at a rate compatible 
with the desired number of output pixels per row. The 30 
required sampling rate is determined by the desired 
number of pixels per line and the horizontal scan time 
for active video information. For example, in the NTSC 
signal, the line period is 63.5 microseconds, of which 
approximately 52.4 microseconds represent active 35 
video information. For a display of 480 rows and 853 
pixels per row (16:9 aspect ratio), the sampling rate 
would be calculated as follows: 

Sample rate = 853 pbcels/54.2 microseconds 40 
= 16.31 Mhz 

For a display of 480 rows and 640 pixels per row (4:3 
aspect ratio), the sampling rate is: 

45 

Sample rate — 640 pixels/54.2 microseconds 
=. 12.21 MHz 

In enhanced embodiments of the invention, A/D unit 50 
12b could be programmable, so that its sampling rate 
could be selected according to a desired horizontal 
resolution. 

The rate of sampling by A/D converter 12b is re- 
ferred to herein as the "output pixel rate" because it is 55 
derived as a function of the number of pixels per line to 
be displayed. However, one function of field buffer 14 
may be "field spreading" for SLM-based receivers, 
which do not require blanking periods. Field spreading 
permits the active video data to be "spread" throughout 60 
the field period, thereby reducing the pixel rate re- 
quired for delivering data to SLM 19. 

On a second path of color separation unit 12, a second 
A/D converter 12c rece ives the composite video input 
si gnal. It samples "the signal at approximately 14.31 8 65 
M liz, which is 4 times the 3.58 MHz subcarrierlr e- 
gu'ency. B ecause the coior signal nas 435/2 cycles per 
fine, tnis 4 fsc rate results in 910 cycles per line. As a 
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result, each row of the input signal is sampled 910 times. 
Of these 910 samples, approximately 750 represent ac- 
tive video data, with the rest being blanking informa- 
tion. 

A digital C separation unit 12d separates the Y data 
from the C data, and outputs a C signal. Conventional 
digital color separation methods may be used to imple- 
ment C separation unit 12d. 

At this point, Y data and C data are separated and are 
available in digital form. However, the Y and C signals 
have been sampled at different rates. The Y data is 
compatible with the desired horizontal resolution, but 
the C data is not. The following table illustrates the 
pixel data characteristics after Y/C separation and sam- 
pling: 





aspect ratio 






16:9 


4:3 


Ydata 


853 


640 


Cdata 


750 


750 



To remedy this incompatibility, the C data is scaled 
by horizontal scaling unit 12e. The scaling converts 
each row of 763 pixels into a row of the proper number 
of output pixels. Assuming a display of 480 rows, for a 
16:9 aspect ratio, the 750 samples are scaled to 853 sam- 
ples, each sample representing the chrominance data for 
one output pixel. For a 4:3 aspect ratio, the 750 samples 
are scaled to 640 samples. 

Any one of a number of scaling algorithms may be 
used for scaling. For the 16:9 aspect ratio, one example 
of a simple scaling algorithm is bilinear interpolation, in 
which two adjacent samples are used to create a new 
sample. For chrominance data, "near neighbor" meth- 
ods may be used, Because the ratio 750/853 is approxi- 
mately 9/10, for every 9 samples, a new sample is cre- 
ated. It should be understood that some scaling algo- 
rithms may result in oversampling or undersampling, 
such that the number of samples is not necessarily ex- 
actly the same as the desired number of output pixels. 
After the C data is scaled, Y and C samples are available 
for the desired horizonal resolution. Like A/D unit 12b t 
scaling unit 12e may be made programmable so that the 
scaling ratio can be varied according to the desired 
aspect ratio. 

Although scaling unit 12e is shown in FIG. 1 as a 
stand-alone processing unit, its functions may be per- 
formed by processing unit 15, which is programmed to 
perform a scaling algorithm as well as to perform other 
processing tasks described below. Also, the horizontal 
scaling could be performed by processing unit 15 at 
various points in the chrominance processing path. 

Processing unit 15 performs various video processing 
algorithms, such as converting the digital signals from 
color difference signals to RGB, progressive scan con- 
version, and de-gamma correction. 

Memory 17 is an active memory for pixel data during 
processing by processor 15, as well as a frame memory 
for providing pixel data to SLM 19. In an SLM-based 
receiver, the data is delivered in "bit-planes", formatted 
by formatter 18. U.S. patent Ser. No. 08/147,249 incor- 
porated by reference above, describes memory 17, for- 
matter 18, and SLM 19 in further detail and is incorpo- 
rated herein by reference. As stated above, SLM 19 has 
an output format that can vary depending on the sam- 
pling rate of A/D converter 12b and the scaling factor 
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of scaling unit Vie. Consistent with the examples of this 
description, SLM 19 might display 640 by 480 pixels for 
a 4:3 aspect ratio, or 853 by 480 pixels for a 16:9 aspect 
ratio. 

Although not shown in FIG. 1, color separation unit 5 
12 could be used with a digital receiver that has a CRT 
display. Instead of formatter 18 and SLM 15, the re- 
ceiver would have a CRT (not shown). For such receiv- 
ers, the data is converted back to analog form and 
scanned to the CRT instead of being delivered to SLM 10 
19. 

FIG. 2 illustrates a programmable version of the 
color separator of FIG. 1. As stated above, both A/D 
converter 126 and scaling unit I2e may be made pro- 
grammable. A HR select unit 21 permits a user to select J5 
a setting for whatever format corresponds to the incom- 
ing television signal. Control signals for the appropriate 
sampling rate and scale factor are determined and deliv- 
ered to A/D converter 126 and scaling unit 12*, respec- 
tively. 

20 

OTHER EMBODIMENTS 

Although the invention has been described with ref- 
erence to specific embodiments, this description is not 
meant to be construed in a limiting sense. Various modi- 
fications of the disclosed embodiments, as well as alter- 25 
native embodiments, will be apparent to persons skilled 
in the art. It is, therefore, contemplated that the ap- 
pended claims will cover all modifications that fall 
within the true scope of the invention. 

What is claimed is: 30 

1. A digital color separator for a video signal re- 
ceiver, comprising: 

an analog luminance separation unit for receiving a 
video input signal and for separating said signal's 
luminance component from said signal's chromi- 35 
nance components; 

a first analog-to-digital converter for sampling said 
luminance component at a rate determined by the 
number of pixels per line to be displayed; 

a second analog-to-digital converter for receiving 40 
said input signal and for sampling said input signal 
at a rate appropriate for digital color separation; 

a digital chrominance separation unit for receiving 
data samples from said second analog-to-digital 
converter and for separating samples of said lumi- 45 
nance component from samples of said chromi- 
nance components; and 

a scaling unit for scaling said chrominance samples so 
that the number of chrominance samples per line is 
substantially the same as said number of pixels per 
line to be displayed. 

2. The digital color separator of claim 1, wherein said 
first analog-to-digital converter is programmable such 
that its sampling rate can vary. 

3. The digital color separator of claim 1, wherein said 
scaling unit is programmable such that its scaling factor 55 
can vary. 

4. The digital color separator of claim 1, wherein said 
second analog-to-digital converter samples said input 
signal at the rate that is a multiple of a chrominance 
subcarrier frequency. 60 

5. The digital color separator of claim 1, wherein said 
first analog-to-digital converter samples said luminance 
component at a desired output pixel rate. 

6. The digital color separator of claim 1, wherein said 
scaling unit is a logic circuit. 65 

7. The digital color separator of claim 1, wherein said 
scaling unit is a processor programmed with a scaling 
algorithm. 



8. A method of separating luminance from chromi- 
nance components of a television input signal, compris- 
ing the steps of: 

using an analog luminance separation unit to separate 
the luminance component of said input signal 
thereby providing a luminance signal; 

sampling said luminance signal at a rate determined 
by a desired number of pixels per line to be dis- 
played; 

sampling said input signal at a rate appropriate for 
digital color separation thereby providing com- 
bined luminance/chrominance data samples; 

using a digital chrominance separation unit to sepa- 
rate chrominance samples from luminance samples 
of said combined luminance/chrominance data 
samples; and 

scaling said chrominance samples such that the num- 
ber of said chrominance samples per line is substan- 
tially the same as said desired number of pixels per 
line to be displayed. 

9. The method of claim 8, wherein said step of sam- 
pling said input signal is performed at the rate that is a 
multiple of a chrominance subcarrier frequency. 

10. The method of claim 8, wherein said step of sam- 
pling said luminance signal is performed at the rate 
determined by dividing said desired number of pixels 
per line by the line period of the input signal. 

11. The method of claim 8, further comprising the 
step of selecting the rate for said step of sampling said 
luminance signal. 

12. A digital signal receiver, comprising: 
a color separator having 

an analog luminance separation unit for receiving 
an input signal and for separating said signal's 
luminance component from said signal's chromi- 
nance components, 

a first analog-to-digital converter for sampling said 
luminance component at a rate determined by 
the number of pixels per line to be displayed, 

a second analog-to-digital converter for receiving 
said input signal and for sampling said input 
signal at a rate appropriate for digital color sepa- 
ration, 

a digital chrominance separation unit for receiving 
data samples from said second analog to digital 
converter and for separating samples of said 
luminance component from samples of said chro- 
minance components, and 
a scaling unit for scaling said chrominance samples 
so that the number of chrominance samples per 
line is the same as said number of pixels per line 
to be displayed; 
a processor for receiving luminance data from said 
first analog-to-digital converter and chrominance 
data from said scaling unit and for performing pixel 
processing tasks on said chrominance and lumi- 
nance data; and 
a memory for storing said pixel data during process- 
ing and for providing said pixel data to a display. 

13. The receiver of claim 12, further comprising a 
formatter for receiving such pixel data from said mem- 
ory and formatting said pixel data, and a spatial light 
modulator for displaying the formatted data. 

14. The receiver of claim 12, further comprising a 
digital-to-analog converter for receiving such pixel data 
from said memory and for converting said pixel data to 
an analog display signal, and a scan type display for 
displaying said display signal. 

15. The receiver of claim 12, wherein said scaling unit 
is incorporated into said processor. 
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